Supplementary Note 1: Deriving of volume deformation and 3-D percolation theory under elongated condition.
If a six-sided material is subjected to uniaxial tensile strain, the material will be elongated along the direction the tensile strain is applied, and shrink (Poisson's Ratio  > 0) or expand ( < 0) along perpendicular directions to the tensile strain according to the Poisson effect (Fig. 1a) . Direction of volumetric change of this material can follow three different situations depending on its value of Poisson's ratio. Volume will increase (-1<ν<0.5) or remain unchanged (ν = 0.5), with applied uniaxial tensile strain in linear elasticity.
If the material is elongated along x-axis, length of three axes after deformation is given by:
where L1, W1, T1 and L2, W2, T2 are the length, width, thickness of the material before and after tensile strain is applied, respectively. L, W, T is the change in length, width, thickness.
The definition of the Poisson's ratio is given by:
where lw and lt are Poisson's ratios of the conductive composite in the direction of the width and thickness and xx is the tensile strain along the direction of the length.
Then, a deformed volume under small deformation condition is given as below.
The classical percolation theory (Equation (1)) becomes the following two equations according to deformation conditions.
Supplementary Note 2: Details of tensors and procedure for Poisson's ratio calculation of incompressible Material S1,S2 .
Stretch ratio is defined as below when uniaxial tension along length direction is applied to materials.
Three strains, the Cauchy (xx C ), Green (xx G ) and Hencky (xx H ), are defined as below.
In the case of an incompressible isotropic material, relations among stretch ratios along three axes are as below.
Poisson's ratios (y-direction) depending on each definition of strain tensor are calculated with below equations.
Only the Hencky's ratio (equation S17) shows value of 0.5 without strain dependency while others show strain dependency when the applied tensile strain becomes larger. 
where, Vc_sphere is the percolation threshold of random distributed composite system using spherical type filler particle. D and DIP are the diameter of the filler particle and the interparticle distance, respectively S3 .
The diameter of the filler particle was determined as 5 m, based on the cross-sectional SEM (Scanning Electron Microscope) image ( Figure S3 ). And the interparticle distance was chosen as 1.3 m.
This condition gives, Vc_Overall = 0.261 and Vc_Hardcore = 0.074. 
